Riboflavin deficiency is well known to cause characteristic clinical symptoms of the tongue and skin since the report of Sebrell and Butler (1). However, the reason why such symptoms occur chiefly on the mucous membrane and skin has not yet been elucidated.
Riboflavin deficiency is well known to cause characteristic clinical symptoms of the tongue and skin since the report of Sebrell and Butler (1) . However, the reason why such symptoms occur chiefly on the mucous membrane and skin has not yet been elucidated.
The mucous membrane and skin are the special tissues in which the cells are always reproduced by division and proliferation on the one hand and removed by exfoliation and desquamation on the other hand. Taking the fact in mind, cell renewal rate is assumed to play a significant role in manifestation of these symptoms, but such a study has not yet been done. The authors have therefore investigated the effects of riboflavin deficiency on the regeneration rate of the epitheliar cells of the mucous membrane of the small intestine in which the cells are most actively renewed among the tissues of the whole body.
In the deficiency of niacin (3), vitamin B12, (4) or iron, each characteristic symptoms are detectable on the mucous membrane.
In the last case (5-9), atrophies of the tongue papillae, of the mucous membranes of the larynx and oesophagus and atrophic gastritis are accompanied with anemia, suggesting the lowering of the epitheliar cell renewal rate in these mucous membranes.
The effect of riboflavin deficiency on the renewal rate was therefore compared with that of iron deficiency. EXPERIMENTAL. On the basis of P32 incorporation into nuclear DNA of the epitheliar cells of the small intestine in riboflavin deficient, iron deficient and normal rats, the effect of each deficiency on the cell renewal rate was examined.
The rate of cell renewal is affected by nutritional state (10) , age of rats (11) , and hormone action (12) . Therefore, Wistar-King A strain male rats were used and the control animals were adjusted carefully to keep the same body weight as the dificient ones.
Deficient Rats
The rats were divided into four experimental groups: (a) acute riboflavin riboflavin was surely deficient in riboflavin-deficient group and that riboflavin was not deficient but the iron in both blood and tissues was decreased in chronic iron deficiency.
In the acute venesection anemia group anemia was present but no decrease in tissue iron was confirmed. Riboflavin was measured by Yagi's method (15) , serum iron by Barkan's method (16) In chronic riboflavin deficiency the specific activity of blood acid-soluble phos phorus 2 hours after injection of P32 was used and in other cases it was difficult to take the blood because of anemia, so that the specific activity 48 hours after injection was used. As shown in Table 2 , certain relationship exists between the two values, so that either value can be used as reference. Cells of Small Intestinal Mucosa in Rats 48 Hours after Orthophosphate-P32 Injection A, the specific activity of DNA-P32 divided by the specific activity of blood acid soluble phosphorus 2 hr after injection; B, the specific activity of DNA-P32 divided by the specific activity of blood acid-soluble phosphorus 48 hr after injection. RESULTS 
P32 Incorporation into DNA of the Epitheliar Cells of the Stall Intestinal Mucosa in Normal Rats
At first, P32 incorportion into DNA of the epitheliar cells of the small in testinal mucosa in normal rats was determined successively. Taking the specific activity of blood acid-soluble phosphorus 2 hours after P32 injection as reference, the relative specific activity of DNA-P32 in epitheliar cell nuclei of the small in testinal mucosa was determined successively.
As shown in Fig. 1 , the values in creased with time, arriving at the peak about 48 hours after injection, falling gradually thereafter.
In the epitheliar cells of the small intestinal mucosa, only the cells in crypts repeat division and proliferation (28) , and the P32 injected is in corporated into these portions. It reaches then the tops of the villi, then the cells are desquamated and exfoliated.
It is therefore assumed that the time required to reach the maximum agrees roughly with the time needed for complete replace ment of all the epitheliar cells. The value of 48 hours obtained here lies between 1.4days observed by Bertalanffy (2) and Lebrond (29) and 2 .5 days by Quastler (28) . It is therefore assumed to be almost appropriate. The rat was killed 48 hours after P32 injection and the incorporation of P32 into DNA in epitheliar cell nuclei of the small intestinal mucosa was examined, as it is considered that lower the control common to both groups, P32 incorporation into DNA of the epitheliar cell unclei of the small intestine mucosa 48 hours after injection was examined. In acute riboflavin-deficient group, the incorporation was almost the same as in the control group but it increased significantly (p<0.05) in the acute anemia group (Fig. 2) 3. P32 Incorporation into DNA of Epitheliar Cell Nuclei of the Small In testine Mucosa in Chronic Riboflavin DeficiencyP 32 incorporation into DNA of epitheliar cell nuclei of the small intestinal mucosa 48 hours after injection was examined, taking the specific activity of blood acid-soluble phosphorus 2 hours after injection as a reference.
In chronic ribo flavin-deficient group, the incorporation increased significantly (p<0.05) as shown in Fig. 3 .
P32 Incorporation into DNA of Epitheliar Cell Nuclei of the Small In testine Mucosa in Chronic Iron Deficiency
Taking the specific activity of blood acid-soluble phosphorus 48 hours after P32 injection as a reference, P32 incorporation into DNA of epitheliar cell nuclei of the small intestinal mucosa was examined at the same time. As shown in Fig. 4 , in chronic iron deficient group, the incorporation decreased significantly (p<0.001).
DISCUSSION
There are many methods to examine the renewal rate of tissue cells. In this experiment, the P32 incorporation into DNA was examined.
In cell division, DNA is preliminarily synthesized (30) , so that the P32 injected is incorporated into DNA. Further it has been shown (31, 32) that the labelled phosphorus is not incorporated into the tissues in which the cell division does not take place. It is a method appropriate for examining the cell renewal rate.
The incorporation of the labelled phosphorus into the DNA of epitheliar cell nuclei of the small intestinal mucosa of rats was examined by the authors. It was shown that the incorporation increased remarkably in chronic riboflavin deficiency and did not decrease in acute riboflavin deficiency.
Cell activity is naturally con sidered to be lowered in riboflavin deficiency but cell division was not only in hibited, but, on the contrary, it became more active in several cases. It seems to be contradictory but is also thought to be natural, considering that the proliferation of papillae is characteris tic for the change in the tongue, one of riboflavin de ficiency symptoms. On the other hand, in chronic iron deficiency epitheliar cell division was definitely inhibited.
It is therefore considered to be the characteristic of riboflavin deficiency that the epitheliar cell division is hardly inhibited. In acute anemia by venesection, the epitheliar cell division was promoted.
It is possibly the appeareance of a temporary reaction of a living body for a sudden attack of venesection.
In this group the serum iron level was decreased but not the level of iron in tissues, showing that the animals were not yet iron-deficient.
Atrophy and hypertrophy are static states and they do not always correspond to the dynamic states of inhibition and stimulation of cell division. In both riboflavin and iron deficiencies the cells may be essentially in a state of atrophy, but in order to be manifest as atrophy some factors must be involved. However, based on the cell renewal rate, the following assumption might be possible. As it takes a certain time interval to get into atrophy, the probability of becoming atrophic may be greater in the inhibited state of cell divisions.
For examining the symptoms of mucosa, the study of the cell renewal rate is necessary, but no such study has yet been made. In this paper it was demon strated that the cell renewal rate was not inhibited in chronic riboflavin deficiency, but was inhibited in chronic iron deficiency.
The details of the appearance of mucosal symptoms (10) and of the intimate relationship of NADH-diaphorase and cell division (33) have been discussed by one of the authors.
SUMMARY
The cell renewal rate of small intestinal mucosa was examined, based on the I'32 incorporation into DNA, in the groups of acute and chronic riboflavin deficiency, acute anemia by venesection and chronic iron deficiency in rats and the following findings were obtained.
1. In normal animals 632 incorporation into DNA in the epitheliar cells of the small intestinal mucosa arrived the maximal level about 48 hours after the injec tion, suggesting the complete replacement of the epitheliar cells of the mucosa in about 48 hours.
2. In both acute and chronic riboflavin deficiencies, the renewal rate of the epitheliar cells of the small intestinal mucosa did not decrease. In chronic riboflavin deficiency it was rather significantly increased.
3. The cell renewal rate was increased in acute anemia by venesection, whereas it was remarkably decreased in chronic iron deficiency.
